The headspace volatile compounds of the flowers of Plumeria tuberculata Lodd. were analyzed by solid phase microextraction coupled with capillary gas chromatography/mass spectrometry. Twenty-five compounds were identified, representing 100% of the total composition. The volatile fraction was characterized by oxygenated monoterpenes (79.6%), oxygenated sesquiterpenes (8.4%), sesquiterpene hydrocarbons (7.6%), and benzenoid esters (2.6%). The major components were geraniol (34.9%), citronelol (21.5%) and geranial (16.2%), and they were found to make the major contribution to the typical scent of this flower.
Major progress in flower scent research has come from the use of adequate sampling of flower volatiles for chromatographic analysis. Various methods have been used for the extraction of essential oils and fragrances from flowers. Some of these methods include steam distillation or hydrodistillation and solvent extraction, which may change the volatile profile due to the tedious and time-consuming extraction processes that can form artifacts. Headspace analysis tends to be the preferred method for analyzing the volatile composition of delicate, odoriferous flowers [1] . Regardless of the method used, the specific requirements of botanical research mean that soft extraction methods are preferred. The relatively new headspace solid phase microextraction (HS-SPME) fulfills such special requirements [2] . [11] . Regarding the volatile composition of its flowers, there appears to be no published data, and therefore, this paper reports the first such analysis.
A series of experiments concerning SPME sampling time were conducted. Samples (separate petals) were submitted to SPME with a PDMS fiber for 10, 20 and 30 min. Although equilibrium could be achieved only after 30 min, a sampling time of 20 min gave analyte recoveries sufficiently high and repeatable and this time was adopted for further analyses. An important contribution to the repeatability of recovery was given by the HS equilibration time: 30 min was sufficient to increase component recovery and repeatability significantly. A longer time did not significantly improve the results. Therefore, 20 min of equilibration time and 20 min of extraction were sufficient for detection of most of the compounds. Only some quantitative differences were found by sampling the entire flowers or their separate petals, and so the flower scent profile of the entire flowers was selected for the present study. Table 1 lists the volatile components identified in the flowers. Oxygenated monoterpenes were clearly dominant, accounting for nearly 80% of the total volatiles, although this figure was largely due to the occurrence of geraniol, citronelol and geranial. Although geraniol was the most abundant compound in the headspace and it has a floral rose-type odor, the odor of the flower is much more complex, with a strong influence from the two other major constituents. Citronelol is reminiscent of a fresh rosy odor, while geranial has a lemon-fragrance odor [12] . Other chemical classes in appreciable concentrations were oxygenated sesquiterpenes (8.4%), sesquiterpene hydrocarbons (7.6%), and benzenoid esters (2.6%). Among the nitrogen compounds, indole was found in the floral scent of this species. These results are very different to those reported for P. obtusa flowers, where benzyl salicylate, benzyl benzoate, (E,E)-2,6-farnesol and (E)-nerolidol were the major constituents [8c], and the floral oil, which was dominated by benzyl salicylate and benzyl benzoate, although minor quantities of geraniol and geranial were present, which were mainly responsible for the floral scent [10] .
Experimental
Plant material: Flowers were collected in the evening in July 2009 from plants growing in the National Botanic Garden in Havana. A voucher specimen was deposited in the herbarium of the National Botanic Garden under the accession no. 86472.
Processing: Freshly-picked flowers (two units) were immediately placed into screw-cap 40 mL vials and tightly capped with caps containing PTFE/silicone septa (Supelco, Bellefonte, PA). Both complete flowers and just the petals were separately placed in 40 mL-vials. The syringe injector of the SPME unit (Supelco), equipped with a 100 μm polydimethylsiloxane (PDMS) fiber, was inserted through the septum of the vial cap into the headspace of the sample. The SPME fiber was then retracted, the syringe removed and the volatiles thermally desorbed into the GC column by placing the SPME injection unit in the injector of either the GC/FID or GC/MS system. Trials were carried out at 25ºC to establish the optimum times required for equilibration and absorption of the headspace volatiles. Extraction times of 10, 20 and 30 min were evaluated, and the effect of multiple extractions from the same extraction vessel was determined. Equilibration times of 10, 20 and 30 min were also investigated.
GC/FID and GC/MS analyses:
Sample analyses were performed on a Konik 4000A gas chromatograph (FID) equipped with a DB-5 (J&W Scientific, Folsom, CA) fused silica capillary column, 30 m  0.25 mm, 0.25 m film thickness, and temperature programmed as follows: 50ºC for 2 min, 50250C at 4C/min, ending with 10 min at 250C. The carrier gas was H 2 at a flow of 1 mL/min; injector port and detector temperature were 250C. Volatiles were desorbed from the SPME fiber in the splitless mode for 2 min. GC/MS analysis was performed on a Shimadzu QP-5000 apparatus using a DB-5 (J&W Scientific) fused silica capillary column (30 m  0.25 mm; 0.25 m film thickness) and temperature programmed as above. The carrier gas was He at a flow rate of 1 mL/min and the injection was in splitless mode for 2 min. The injection port was set at 250C. Significant quadrupole MS operating parameters were: interface temperature 230C; electron impact ionization at 70 eV with scan mass range of 35-400 m/z at a sampling rate of 1 scan/s. Compounds were identified by computer search using digital libraries of mass spectral data (NIST 02, Wiley 275, Palisade 600, ADAMS 2001 and FLAVORLIB) and by comparison of their retention indices relative to C 8 -C 32 n-alkane series in a temperatureprogrammed run and mass spectra with those of authentic samples and literature [13] .
